of taekwondo players. 4 Half of the respondents confirmed that wearability would increase if the current issues as well as other factors with MGs were addressed. Thus far, previous work has mainly examined the palatal shape of the MG in relation to comfort issues. Gebauer et al 6 identified that male field hockey and water polo players (n = 27, aged 23.5 ± 3.8 years) rated a device with palatal extension less than a MG without this palatal outline.
Therefore, manufacturers should try new techniques for MG fabrication in order to meet players' expectations in terms of limiting usage and discomfort. The essential parameters that need to be considered include good fit and high retention, which relate to the ability of the MG to stay in position during dynamic sports. Higher MG retention could potentially increase the athletes' motivation to wear the device as it could lead to improvements in physical comfort and less interference with performance. 4 In addition, distraction and interruption of the game due to a loose MG could also be reduced.
Currently, there is very little literature examining MG retention, which is of pivotal importance for enhancing wearability. [7] [8] [9] Previously, only two studies have conducted a pull test to examine the fit of different custom devices. 7, 8 Del Rossi et al (2008) investigated the effect of the MG colour on fit and adaptation. They attached a strain gauge to the palatal aspect of the central incisors and recorded the force required to remove the MGs from the model. It was shown that more force was required to remove the blue, black and green coloured MGs than the clear guard due to pigmentation affecting thermal properties during the fabrication process. 7 correlation between MG thickness and retention was investigated to propose further considerations on how to improve potential comfort factors when fabricating custom MGs. MG3 is commonly used in dental practice and MG6 was reproduced from Takeda et al 14 for a rugby player with a malalignment.
| MATERIAL S AND ME THODS
All MGs were pressure-formed on a Drufomat-Te machine (Dreve Dentamid GmbH, Germany) with round, clear 2 mm and 4 mm EVA blanks, 120 mm Ø (diameter) (Bracon Dental Laboratory Products, East Sussex, UK). In order to minimize the thinning of the EVA blanks during thermoforming the blanks were pressure-formed onto a dry model embedded into metal pellets.
On each MG, seven anatomical points, both anterior and posterior, were selected to obtain dimensional thickness ( Figure 1A ,B).
The position of these points (excluding Point 3) was similar to those Location holes allowed the wires to be parallel and perpendicular to the occlusal plane when secured to the rig with terminal strips.
The maximum force (N) required to fully displace a MG from the model represented the retention force of the device. All MGs were pulled away from the model by an upward movement at a constant rate of 50 mm/min. Ten force measurements were recorded for each site ( Figure 2 ) and then an overall mean value was obtained. In order to reduce the variability within the testing procedure, after each measurement the load and extension were zeroed and the MG was fitted back onto the model. An overall retention value was obtained by grouping the maximum forces recorded for all loading scenarios (Table 2) .
Retention tests were then repeated in wet conditions. Each MG and the dental model were immersed in 500 mL artificial saliva solu- Alpha test was performed to examine the repeatability of the results.
| RE SULTS
A total of 60 retention force measurements were obtained for each MG design. Only the retention forces recorded at the anterior region showed significantly higher measurements under wet conditions than when dry (P < 0.001) ( Table 3 ). Table 4 ). 
| D ISCUSS I ON
Retention of custom MGs relates to the superior fit of the devices, which may minimize some of the issues with comfort, communication and breathing that have previously been reported in the literature.
Previous studies have found that the colour of the MGs and the use of different equipment for MG fabrication were influencing factors on the accuracy of fit. 7, 8 Therefore, this study considered whether other factors (differences in MG design, final thickness and use of artificial saliva to mimic an oral environment) influenced retention. Statistical differences between MG designs in terms of their ability to withstand displacement forces were found. In addition, it was discovered that the selected MGs differed in retention depending on the presence of artificial saliva solution and thickness. The current investigation examined only custom-made devices as published studies have proposed that such MGs are superior to other commercial "boil-and-bite" or stock MGs. 16, 17 It was unexpected that both overall retention of MGs in the posterior region and total retention were higher under dry compared to wet (ie saliva)
TA B L E 2 Retention force region in relation to retention force sites
conditions, as viscosity of saliva is believed to improve retention of dental devices. 18 It is also worth considering that displacement of the MGs may have been facilitated by the highly polished surface of the dental casts and the good tooth alignment. However, casting the master model in Nano-Rock liquid die stone allowed no absorption of the artificial saliva to take place during testing, which would have not been possible if a gypsum cast was used.
To obtain more accurate retention measurements, this study recorded displacement forces from five different sites. In contrast, previous published work has examined MG retention and accuracy of fit at only one site such as the midline between the upper central incisors or the left upper molar. 7, 8 The highest retention at all points and under all conditions was shown by MG6, which had two layers of EVA blanks at the anterior region and the occlusal surfaces. In contrast, MG5 was the least retentive MG, made of a single 4 mm EVA blank with no palatal coverage behind the anterior teeth. Additionally, the MG1 with 4 mm palatal extension was more difficult to displace under both wet and dry conditions, compared to MG2, which had no palatal extension ( Figure 3 ; Table 4 ). Although, the palatal outline of MG1 improved retention compared to MG2 and MG5 when a single layer of EVA blank was used, this was not the case when the MGs were made of dual layers. This is an important finding as previous literature has identified that having a MG with palatal outline increased users' discomfort and speech impedance. 6, 9 Therefore, when manufacturing such devices one should consider techniques such as using two EVA blanks, fin- Dental arch dimensions differ with age, gender and ethnicity, [23] [24] [25] so ideally future studies should investigate dental anatomy, alignment of the teeth and the presence of undercuts as possible influencing factors on MG retention. This study did not consider the effect of anatomical differences within the dental arches as only one master cast with no irregular teeth was examined. Improvements to the retention test methodology are also required to propose a better representation of the oral environment and mimic the angle at which MG users apply forces to remove their device. To reflect the oral conditions more appropriately, a glycoprotein such as mucin, which consists of 3-18 sugar units and is secreted in the oral cavity, 26 could be added to the saliva formula to increase its viscosity. Future research should use a larger sample size including different manufacturing techniques and materials to identify which MG parameter has a predominant impact F I G U R E 4 Relationship between overall thickness and retention of the various MG designs on retention and where the cut off point is for sufficient retention force.
| CON CLUS ION
MG retention could be altered by changes in design. The use of two EVA blanks lead to increase in both MG thickness and retention, whereas the use of a single blank produced thinner MGs with lower retention. Higher retention was recorded in the anterior region in the presence of artificial saliva solution.
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